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A bstr a ct
T he r es ult ofte n ye a rintegr a七io n s ofthe J M A89global m odel with Eu o sche m e and
Pr ogn o stic Ar akawa･-Shubert s che m e(F A S)were c o mpar ed. a glob al, ba8inwi de wate r
b ala n ce 8i皿 ula,ted by P A Ss cheme wa sm ore r ealiB七ic tha ntha七of Ku o B Che m e, bllt rive r
r u offof both Ku o and PA Ssche m esW er eO V ere8ti皿 atedt,ham ob8e rVat.ion . I.a ndS u rfa ce
hydr ologyin A8iabetwe en Ku o a nd F A SB Chem e8 Wa.8 COmpa red in detail. T he r esults
8ho w edtha七de ep c o n v ectio n s che m etakelargeinAu e nc e8tOla nd s urfa cehydr ology n ot
o nly pre cipitation patter n, bu七also e v apo七r an spir atio nthr ollgh clo ud a nds ola r r adiatio n
pr O C e88e S1
1 Introdu ctio n
Atm o sphericge n e ralcirc ulatio n m odels(A G CM)i8 a u s efulto olfor Studyingland- atm osphere-
biosphereintera ctions and for predicting globalclim atic changes. Typically, AG C Mwi th a
la nds urfa c ehydr ology pa r a 皿 etriza七io nincllldingthebiospheric m odel havede v elopeds u cha s
the bio sphere atm o sphere transfer s che m e(BATS)ofDickin s o n et al. (1986)andthe simple
bio sphe r e(SiB)modelof Seler s etal. (1986). A prim arygoalofthe8 epar am etrizationsi8tO
pr odllC e r ealistic s llrfa c e w ate rb alan c es, tho s e c o mponents are precipitation, e v apotr a n spir a-
tio n, s oilm oisture Storage, and rive r runoff. How e v e r,the obse rv ed data availableto validate
hydrologicalre8 ults ofAG CM arela ck ing.
In partic 11ar, rive r ru n o牙is repr e s e ntedtothe w aterb ala n ce oflarge s c aledr ainage ba sin,
and exc elle nt m ethodsto che ckthe reliability oftheglobalwaterbudgetsim ulated by A GC M
longterm integratio n s･ T he c ontribution ofglob alrunoff ha sbe en dis cllSB ed in s everalpape rsI
Rus s ella nd M iller(19 90)wa sco mpar ed m odelgeneratedriver r u nofFwith obs er vatio n sin m a,
jor rive r s, and sho wed qu antitatively w ellc orre spondingbetwe e nthe
.
m . Sa u s en e七 al･ (1994)
wa sals o c o mparedin 33m ajo rriver8, a nd it w aslargely affe cted by 皿 Odel
'
spre cipitation and
pa r am etriz atio ns oflands urfac ehydrology. Okiet al, (1995)w a s e stim ated w aterb ala n c ein
a spe cific riverbasin n ot o nlyforla nds u rfa c ebut als ofo r atm ospheric vaporAux c o n.verge n ce.
- 69-
In si mila rto the s eform er studie s
,
Ichiya n agiet al一 (1997)w a s als o c ompared river ru110ff
betw e e ntw odiffer entde epcon ve ctives cheme sin A G CM . And,it m ade cle arthat w ate rbalan ce
in major river basin s sirrlulated by PASs che m erepre s e nted m ore realisticfe atures th an that
of Ku o s che m e. The purpo s e ofthis paperisto c ompa re of w ater b alanc e n ot o nlyfor rive r
r u n off, but als ofo r othe rhydr ologlCalc o mpon e ntsbetw e en thes etw o c on v e ctio n s che m e s. In
partic11ar, effe ct of de ep c o nve ctiv e B Che m e sto w ate r cyclein Asia w a sdis cllS S ed.
2 Model De s c riptio n a nd O bs e r v atio n D ata Sets
Tlle AGCM us ed forthepre s ent stlユdyisderiv ed from Japan Mete orological Agencyfor oper-
ational w e atherfore c a sting m odel(JM A 89). T his m odel is aglob alpri mit ve equation llOdel
u slng a Spe ctraltr a n sform m ethods, With atriangular w a v etr11 nCa七ioilat W aVe n u mber 42and
21ve rtical 1evels(T42L21). Tle horizo ntalre s oltltiolis approxim ately2.8 degr e e sin both
latitude andlongitude. Fort he par.am etrization oflandsl rfa c epro c es s e s,SiBm odel descri bed
inSato et al･ (1989)w a s u sed. Alevel-2clo s ure m odelfo rver七icald 漁1Sionis u s ed(Mellor and
Ya m ada
,
1974)･ For de ep c o nve ctio n, m odi丘ed Kn o(1974)and Pr ogn ostic Araka w a-Shube rt
(FAS)sche m e shavebe e n employed. T he AGC M wi the a ch sche m e w asintegratedfo r10years
fr o mJal u ary1, 1979 wi thobs er ved SSTdata whiclli8 u sed for the Atm o spheric Model Inter-
?o mparis o nProject(AM IP). T he 10yearsintegratio n o utpllt fro m1979 to1988wa saveraged
lne a ch nl O ntha nds u m m ed upto a n n ualm e a nvalu e.
River run oぼ obs e rved at ga ugl ng Station is providedfro mthe Glob alRu no丘
'
Data Ce ntre
(G R DC,1992;1996). Lollgter m m e a nValTle S are Calc ulatedfr o mthe s edataby averagingover
the avai lable data period in e a ch station . T he c o ntin e ntal1and m as swa s m an u ally devis ed
into riverbasins u 81ng P-1blished w orld n aps･ Pre cipitatio n obs erved atgallglng Stationis u s ed
MonthlyStation Pre cipitation Dataprovided fro m NO AA Bas eline Clim atologicalDataSets･
Allgauging Station datain specific riv erba sin w a s simply a v e r aged for e a ch m onth･
3 Re s 11ts a nd D is c u s sio n
3･1 W ater balan c e in m aJO r riv e rbasin
Ti1e am 1 u al m e a nvaltl eS Ofpr e cipitatio n a ndriv e r ru n oぼsim ulated by A G C M havebe e n s u m-
nla riz edin e ach river ba sin, a ndc o mpa r ed wi th observ ationsin Figtlr el･
We c a n s e ethe go o(1c orrelatio nbetw e en m odelsim ulation alld obser vatio nin pre cipitatioll.
In spe cially, pre cipitation 平1ulated byF ASs che meis surprisingly go od(Fig･1a)･ T he r e are als o
go od c orelation betw e en rlVe rr u nOffsim ulated byFASsche m e a nd obs er vatio ndata(Fig.1b).
But riv e rrunoぽsiml1atedby kil o s chem eis nots o一 T he re s ults ofthe s e c omparis on show that
w ater balanc e sim tllated by
･ P A Ss che m eis m ore realistic than that of Ku o sche m ein glob al･
Ge n erally, sim 11 ated river ru n off is ove re stim atedfor m ost ofthe riverba sinsthan obs er vation
in both Ku o a nd F A Ssche me s
.
butdifFerel Ce Sbetween modelsim ulatio n and obs er vation are
widelyspr e ad am o ng e ach river ba sins.
3.2 D ist王･ibutio n sin A sia
Sim ulateddiqere lC e Sm or etha n100ln ln/ye a rbetw een Ku o and PA Ssche m esin c on ve ctive
p1
･
e Cipitation, large s c ale pr ecipitation l tr anSPiration and interc eption , evaporatio nfr o mbare
soil, s oilll Oist･u r eillbothsu rfa ce an(I ro ot zolleS alld riv e r ru n offfields ar eshow llin Figu re 2･
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Figurel･ Co mparis on betw e en AG CM sim ulations alld obs er vation .
T he diGerencesbetw e en I(uo andP ASs che m e s are Cle arlya,p pe arlngin bothc on ve ctivepre-
cipitation andlarge s calepre cipitatio nfields(Fig･2a,b)･ Over o c eyl, C On Ve Ctivepre cipitation
sim ulatedby FASsche m e lSlarge r, btlt large s cale pr e cipitatio n slmtlated by Ku o s che m eis
larger･ Ove rland, both c o nvc ctive and large s c ale pre cipitatio n sim ulated by Ku o sche n e ar e
la rgerthan tho s e Of P AS8Chem e･ Onlyin East India,Indo chin aPenin s ula a nd Ti betan Plate a u,
c o nve ctive pr e cIPitation sim ulated byPASsche m eislarger, Distributio n oftr a11SPira七io n a nd
interc eptio nneld is si mi la rtothat ofevaporationfro m ba r e soil鮎1d(Fig.2c,d). Evaporation
sim ulatedby Kuo s che meislargerin Chin a and We stlndia, a ndin Ti betan Plate a uthatby
PASsche m eislarger, respectively. Soilm oisture sim 1 atedbyKu oislargerin 廿opicalRegion
(Fig.2e). Distributio n ofriv e r ru n off 五eld is Simila rtothat ofc on ve ctive pr e cipitation field
(Fig.2f), exc ept in Tibeta nPlate a u where riv er runoff8im ulated by Ku o s che m eislarge rthan
c on ve ctivepre clpitation .
T here arethre e are a swhere chara cteristic s ofanom aly&elds are diGe relltin Figure 2. First
o n eis an are awi1ere Ku o > P ASin bothc o nve ctive a nd la rge s cale pre cipitation fields(e.g.
We stIndia and C hin a). Corre spondingto pre cipitation Reュds, tra n spiration a nd interc eption,
evapo r ation fro mbare s oil, s oilm oistllre and river r unofF丘elds are all Ku o> P AS. Se c ond one
is an are a whe reKuo < PA Sinc o nve ctive pre cipitatio nfield(e.g. East India and Indo china
Pe ninsula). Bothtranspiration and interc eptio nfield andevapo r ation fro mbare soil丘eld are
Ku o equalto PAS. And, river ru n o庁fieldis alm o st s am eto pre cipitation fields. The s etw o
patte m sshow go od co rr elation between pr e cipitation andriver r un oF･ Third o n eis an are a
where Ku oく P A Sill C O n V e Ctive pr e cipitatio nfield, a nd Ku o) F ASinla rge s calepr e cipitatio n
丘eld(e.g. Tibetan Pla七e a u). Bothtr a n spir atio n andinterc eptio n鮎1d andev apo r atio nfro m
bare s oil鮎1dareIくu o<P AS, and als o s am eto c o nve ctiv epre cipitation 鮎1d. But, s oilm oisture
and river r u noぽfields are K110 > P A S
,
a nd als o s am etolarge s cale pre cipitatiollBeld. T hird
a re ais m o re c omplex to understandfo rln ation pro c e s se s ofthis r elatio n sthan tho s efoi
l for mer
t¶ro are a s.
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Figu re2･ D istri btltions ofdiぽe r enc e sbetwe en Kuo and P ASs che m e s m or ethan 100m m/ye ar.
De ep andsh al low shadings sho w Kuo >PAS and Kuo < F AS, re spe ctively.
3.3 Se a s o nalv a ria七io n
To m ake cle artheinau en ce ofde ep c on ve ctio n sche m etoland s urfa c ehydr ology, se a s o nalv ari-
atio n s ofpr ecipitatio n, river rtl n Ofr, dow nw ard s olarradiation o ilthre ereglO n SW er eSho w nin
Figu r e3.
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Figu re3. Se a s o nalv ariations oflands urfa c ehydr ologya nd s olar radiationinthre eregl OnS･
Ope n and s olidcir cle s sho wpre cipitatiol a nd riv er ru n o現 andopen ands olidsqu ar es sho w
dow n ward s olar radiation on top and bottom ofatm osphere, Te Spe Ctively･
Se as onalvariatio n ofpre cipitatio n sim ulated by Kuo s che m ein We stIndiais cle arlyshow ed
su m㌣er mons?on pe ak(Fig･3a)･ But, that of P A Ss chem eisto o s mall(Fig･3b)･ In c ontrast,
pre clpitation slm ulated by Kuo schem eisto o s m all, a ndthat ofP AS sche m eislargein ln-
do ch ina Peninsula(Fig･3c･d). In Ti bet an Plate a u･pre cipitation is not differ e nt betwe e ntw o
s che m e s
,
but rive rr u noffsin ulated by F A Ss che m e lS m llCh sm aller than that of Ku o s che m e
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during s um n
.
er(Fig･3e,f)･ Differenc e ofdow n ward s olar r adiatio nbetw e n top a也dbotto m of
atm o sphere slm ulated byFASschem eis m uch s malertha皿 thatofKu o s che m er Itpointedo lt
tha,ts olar radiation o nla ndsl rfa c eisla rge r, and evapotr a n spiration is als ola rge r･ Tlerefor e,
m o stpart Ofprecipitatio nis evaporated on landsurfa c e, thu srivel
･
ru n Offbe c o m e8 Sm alle rin
F ASschem e. A bove al1, de ep c on ve ctive s che m etakes m l Chinflu enc etolandsurfa c ehydrol-
ogy, n ot o nly pr e cipitatio ninptLtbut als o evapotr 弧 SPir ation outputthro ugh clo ud ands olar
r adiatio npr o c e s s es.
4 Co nclu sio m s
Ba sihwi de w aterb alanc ea nd regio nal distributio n s ofs urfa c ehydr ologyin Asia sim ulatedby
theJ M A89Modelwithboth Kl1 0 a nd P ASschem e s w er e c o mpared. T he r e s111ts w as sll m m a-
riz eda sfollo w s: Ba sinwi de w ater bala n c ein spe cific riverba血 sim ulated by PASsche m eis
go od c o r r e spondingto obs erv ationsi De ep c o n v e ctio n sche m etake s m u ch influ en c e sto ba sin
-
wideland s u rfac ehydrology, n ot only by pr e cipitation 皿Ptltbllt als oby evapotranspir atio n
o utput thl
･
O ughclo ud ands olar radiatio npr o c e s se 81
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T he allthorsthankstothe Glob alR un ofFData Centre and NO A A forproviding obs erved river
m n offa ndpre cipitation data, r e spe ctively. T heGR DC data s ets u s ed he r eisfr om the Mu shiake
Labo r ato ryintheIn stitlte OfIndu strialScienc e, Unive rsity ofTokyo･
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